• The first map depicting the marine sand and gravel resources of the UK continental shelf has been developed • Spatial data developed using a constant methodology is needed for marine spatial planning as required by EU regulations.
Introduction
Sand and gravel deposits consist of accumulations of durable rock fragments and mineral grains that have been derived from the weathering and erosion of bedrock, mainly by glacial and fluvial processes, but also by marine and wind erosion. On the UKCS most economic resources of sand and gravel are composed of particles that are rich in silica (quartz, quartzite and flint).
Most offshore sands and gravels on the UKCS have similar origins to their land-based equivalents. Many of these marine aggregate resources are relict deposits that were formed during times when the sea level was much lower than at present. During these periods large parts of the modern sea bed were exposed, glaciated or crossed by major river systems. In contrast to land-based deposits, deposits can also be formed where modern marine processes have concentrated sand and gravel into surface features, such as sand banks.
Marine sands and gravels form an important part of the supply chain of construction materials. The UK has one of the largest construction aggregate dredging industries in the world providing 24% (10.2 million tonnes) of the UK's annual consumption of sand and gravel in 2012 (Bide et al., 2014) . The supply of marine sand and gravel is especially important in major urban centres, such as London, where 50% of the sand and gravel required by construction projects is supplied from offshore (The Crown Estate, 2014) . Here it can be landed at city wharves very near to the market, reducing costs and energy intensive road transportation associated with land-based resources.
Demand for these offshore mineral resources is unlikely to decline in the future as the UK develops. Possible major infrastructure projects such as new power stations and transportation hubs all need large volumes of sand and gravel. The effects of climate change will also cause an increased demand as more material is required for coastal defences. These high levels of demand combined with ever increasing competition for uses and designation of the sea bed from, for example, renewable energy installations, fishing, pipelines, marine protected areas, etc. all have the potential to restrict supply. As a result it is vital to ensure offshore resources are planned sustainably and effectively, utilising the best available information.
A lack of suitable spatial data for inclusion in the planning process for marine mineral resources has necessitated the creation of marine mineral resource maps and corresponding digital data. The maps and data created by this research contain comprehensive information on the location and properties of offshore sand and gravel resources. This information will aid in the sustainable use of, and facilitate the planning for, these materials .
UK planning for marine sand and gravel
Historically, there has been limited marine planning which has been approached on a sectoral basis, considering planning issues at the level of individual project or permits. For example, in the UK, for over 20 years, some sectors have been applying an Environmental Impact Assessment (EIA)-based approach voluntarily. This has been the case for marine dredging. This has meant that decisions were made in isolation sometimes leading to conflict between different sectors utilising the sea bed (e.g. fisheries, mineral extraction, energy, infrastructure). The impact of different economic sectors and marine protected areas on one another and the resultant conflict, as well as a lack of communication between responsible bodies, indicated a clear need for a more integrated spatial planning framework for the use of marine space (Douvere, 2008) . Historically, such communication was the responsibility of industry bodies. In the UK some sectors, such as marine aggregate extraction, developed best practice guidance and liaison protocols (for example, in relation fisheries and archaeological finds) to mitigate such conflicts as much as possible (Newell and Woodcock, 2013) .
Marine spatial planning has evolved and grown as a concept over the last 15 years. Initially it involved the creation of marine protected areas where the main purpose was for the protection of ecosystems against anthropogenic pressures as, for example, the Great Barrier Reef or the Florida Keys. In the UK, consideration of the protection of the marine environment in this way began with the UK Habitats Directive 1994, (Statutory Instruments 1994 No.2716 ) following on from the EU Habitats Directive of 1992 (Council Directive 92/43/EEC). More recently, however, it has begun to be used where there are multiple (potentially conflicting) uses of marine space with great economic as well as environmental value, that need to be carefully balanced and managed to avoid potential conflict, as for example in the North Sea (Douvere, 2008) .
In the UK the process of marine spatial planning began with the Marine and Coastal Access Act 2009 (HM Government, 2009) , the Marine (Scotland) Act 2010 (Scottish Government, 2010) and the Marine Act (Northern Ireland) 2013, which introduced a new system for marine planning and licensing. The Acts are very relevant to mineral resources, not only altering the way exploration and extraction are licensed but also representing a significant change from a sectoral-based permit system to a more holistic plan-led one. For England a new body, the Marine Management Organisation (MMO), has been created and tasked with formulating spatial plans and associated policies. The Scottish Government, Welsh Government and Department of Environment for Northern Ireland are responsible for this in their respective marine areas.
The Acts paved the way for the UK-wide marine policy statement announced in March 2011 (HM Government et al., 2011) . This document set the framework for the preparation of marine plans in the UK under the guidance of the MMO and respective counterparts for Wales, Scotland and Northern Ireland. These plans, being developed at the time of writing, will provide detailed, coherent policy and associated spatial guidance for marine activities. With regard to marine sand and gravel the marine policy statement specifically states that plans should ensure provision for the long-term supply of sand and gravel and take into account the need to safeguard mineral resources from sterilisation by other forms of development. This is explained in much more detail in section 3.5.5 and 3.5.6 of the policy document (HM Government et al., 2011) .
Consideration of minerals issues in spatial planning is not new in the UK. Protection of mineral resources to ensure adequate and steady supply is already undertaken in the UK onshore planning system. The National Planning Policy framework (NPPF) contains several specific policies regarding minerals issues (DCLG, 2012) .
The marine policy statement also recognises that minerals can only be worked where they occur, which is a key difference between minerals planning and many other forms of landuse planning. As a result, in order to secure the adequate and steady supply of marine sand and gravel there is a need to ensure that sterilisation of mineral resources is adequately considered during the determination of applications for other forms of offshore development, such as wind farms, oil and gas platforms, ports, pipelines and the laying of cables. Such developments if located on, or near, mineral resources will prohibit their future extraction.
The process of mineral safeguarding is one method to prevent such sterilisation. Safeguarding forms a key part of onshore spatial minerals planning (DCLG, 2012) , and as one of the goals of the new marine planning system is to better align onshore and offshore planning, the principles of mineral safeguarding can be applied offshore. Consequently mineral safeguarding policies have been included in the first marine spatial plan for the East Coast (MMO 2014) .The mineral safeguarding process involves recognising that a mineral resource is present by using spatial minerals information to formulate suitable polices and then to appropriately manage any planning applications for development to ensure that the mineral resource is not needlessly sterilised (Wrighton et al., 2011) .
International approaches to spatial planning for marine sand and gravel
Marine spatial planning is now a well-established process (Douvere, 2008) . However, consideration of issues regarding offshore sand and gravel resources are often poorly represented in the plans of many responsible bodies. Typically this is due to the small-scale nature of the marine sand and gravel industry in many countries. The inclusion of mineral related policies in the UK marine policy statement and prominence given in MMO marine plans to offshore sand and gravel resources exhibits the importance of the marine aggregate sector in the UK and the significance it has in UK aggregates supply, when compared to other nations.
One of the first significant steps in marine spatial planning in the EU was the adoption of an integrated maritime policy by the European Parliament in 2007 (European Parliament, 2007 Hull, 2013) . This policy aims to increase coordination between EU member states by the introduction of different key policy areas. This has relevance to marine sand and gravel extraction as sustainable growth in marine industries, termed 'blue growth', has been highlighted as one of these key policy areas (European Parliament, 2012) . The integrated maritime policy paved the way for The Marine Strategy Framework Directive (Directive 2008/56/EC), which set the agenda for marine spatial planning in the UK. The Directive prescribes an ecosystems-led approach with the aim of lowering pressure on natural marine resources and marine ecological services (European Parliament, 2008 ). This is a high level document outlining the need for EU-wide protection of marine ecosystems and does not specifically mention any industrial sector, but focuses on how to mitigate against damage. This is a common theme in many marine policy documents in that dredging for marine sand and gravel is only mentioned in relation to the potential damaging effects of dredging as opposed to the importance of these natural resources in their own right. This is the case for Portugal's spatial marine plan, (Carneiro, 2007) and for regional marine spatial plans for the USA (NOAA, 2014). However, for the USA and Portugal, unlike the UK, marine aggregates do not form a significant part of the supply chain for construction material in plan areas, so there is less need for consideration.
National marine plans are often at a high level and do not go into detail with regard to specific industries. Although there are currently no marine aggregate extraction sites in Scottish waters, Scotland's marine plan is more like that of England's with regard to aggregates. It contains policies safeguarding potential areas of aggregate resources from potential conflicting development and which minimise the impact of aggregate extraction on the marine environment in an attempt to balance both economic and environmental priorities (Scottish Government, 2015) .
Whilst not making specific references to marine aggregates, there are many aspects of EU initiatives that impact on the extraction of marine sand and gravel in the UK. For example the implementation of integrated coastal zone management (ICZM) initiated by an EU communication (European Parliament, 2000) and subsequently adopted by Directive 2014/89/EU (European Parliament, 2014) for example advocates the use of spatial planning of the onshore and offshore coastal zones, setting a precedent for linking the wellestablished onshore planning legislation with the less well established offshore planning legislation in the UK.
The need to balance protection of the marine environment with economic growth has driven the development of spatial marine plans in many EU countries, some of the most developed being Germany, Belgium, the Netherlands and the UK. There are many different approaches that can be taken for plan development. Belgium has one of the most advanced marine spatial plans within the EU, and has produced very prescriptive polices for the use of marine space. This is delivered via a plan designating zones for specific uses, including aggregates (C-SCOPE, 2011). Like the UK, Belgium has applied a land-use approach to the marine environment via a spatial management policy for the Belgian sector of the North Sea. It also, like the UK, places a high importance on economic factors, seeking to balance ecosystems-based management against commercial use of marine space.
Another country that has an established marine sand and gravel extraction industry, principally for material for coastal defence, and has implemented marine spatial planning is the USA. The USA has established a National Policy for the Stewardship of the Ocean. The resultant executive order, Our Coasts and the Great Lakes (US Government, 2010) , sets out overarching guidelines for the implementation of marine plans. Like EU initiatives, the USA policy outlines broad aims and goals for the management of the marine environment, with themes covering promotion of economic growth and protection of ecosystems. These themes have implications for mineral extraction but specific sectors are not legislated for in detail (National Ocean Council, 2013) . Implementation for marine planning is the responsibility of seven specific regions, which have produced their own plans. These are ecosystems-led and make very little mention of specific industries exploiting the marine environment, such as marine aggregate extraction. This is a similar theme to the marine plans of other countries, for example New Zealand's, where the importance of mineral extraction is discussed but specific policies have not been formulated (Bess, 2010 ).
Marine minerals spatial information
Spatial planning for minerals is constrained by the fact that these resources can only be extracted where they naturally occur. As a result accurate spatial data is required on the location and properties of mineral resources for planning to be effective. This need for data has driven the creation of a mineral resources dataset for the UK continental shelf, the primary objective of which is to provide baseline data that will assist long-term planning for minerals supply.
As well as providing useful information to planners, the UK marine sand and gravel dataset will prove valuable to a much wider audience, including the minerals industry, other users of the sea bed (oil, gas, renewable energy industries) together with environmental and regulatory bodies and the general public. The UK marine sand and gravel dataset has been produced to a common standard and at a common scale on a seamless national level and is easily accessible in a digital format. Critically, the dataset will help to ensure adequate supplies of marine sand and gravel are conserved for future generations.
The only other countries to date that have produced maps of offshore aggregate resources (as opposed to charts showing current licensed areas of extraction) are Germany, France and The Netherlands. These countries all have a marine sand and gravel extractive industry and a need for material for coastal defence. The resource maps of France and Germany rely on existing mapping of sea bed sediments to infer resource potential, i.e. gravelly deposits on the sea bed are assumed to represent potential sand and gravel resources. It is also assumed that sediments of similar properties will continue at depth and limited deposit thickness information is incorporated.
Maps for German waters, produced by BGR (the Federal Geological Survey of Germany), show gravel resources for all of the German EEZ (Exclusive Economic Zone) to a depth of 0.2 m with data for deeper deposits in selected areas (BGR, 2011) . Also thematic maps have been produced depicting sand suitable for beach recharge and land reclamation applications for an area north of the East Frisian Islands (BGR, 2013).
The marine aggregate maps for France, produced by IFREMER (French Research Institute for Exploitation of the Sea), are similar to the BGR maps. Mapped geological features and bedforms (such as sand banks) as well as thicknesses from shallow geophysical surveys have been used to infer the presence of marine aggregate resources. As well as these small scale maps IFREMER have also produced maps showing the potential for marine sand and gravel resources for limited areas of interest. These classify sediments into a 1-4 scale of unworkable to prospective, using a combination of thicknesses and geological interpretation of suitability for aggregates based on core data (IFREMER 2007).
In the Netherlands, TNO (The Netherlands Organisation for Applied Scientific Research) have utilised a different approach to create maps of offshore sand resources. A detailed 3D model of sand and gravel resources off the coastline of the Netherlands has been produced. This is based on a 3D parameterised model of sand and gravel resources covering the area out to 12 nautical miles from the -20 m bathymetric contour (TNO, 2012) . It also facilitates accurate determination of volumes and properties of sand and gravel resources at a local scale. Density of data for this type of model development needs to very high but, where available, can produce the most reliable and detailed sand and gravel resource information. Such data is absent over large areas of the UK continental Shelf (UKCS) and indeed for much of the North Sea (except for localised areas).
Methodology
The UK marine sand and gravel dataset consists of digital spatial data and a series of maps, generated from the data, covering the entire UKCS. The mineral resources that have been defined show the areas within which potentially workable minerals may occur. A mineral resource 1 is defined as a natural concentration or occurrence of material of intrinsic economic interest in, or on the Earth's crust in such form, quality and quantity that there are reasonable prospects for eventual economic extraction (PERC, 2013) . What may be of economic interest changes over time, as markets decline or expand, product specifications change, recovery technology is improved or more competitive sources become available. Economic constraints of particular importance to marine aggregates extraction include the depth below sea level at which deposits occur (currently most vessels operating in UK waters are able to dredge a maximum depth of around 30-50 metres) and the distance from the coast. Such economic constraints are difficult to predict when taking a long term planning view, the specification of dredging vessels is something that is constantly changing. More modern aggregate dredging vessels currently being commissioned can extract material over 60 metres deep and cover greater distances more economically due to more efficient engines than many in the currently operating UK fleet.
As the map has been produced with the safeguarding of mineral resources for potential future use as a primary aim these economic factors have not been considered. This is in accordance with the principles of mineral safeguarding to ensure that areas that may not be considered economic now are not sterilised by other forms of sea floor development, such as windfarms or pipelines. Likewise changing markets in both the UK and the wider North Sea area combined with a growing need for material for coastal defence and infrastructure projects is likely to lead to large volumes of material being required in new areas outside of those traditionally reliant on marine aggregates.
For similar reasons no consideration has been given to environmental constraints, such as designated areas or areas close to at risk coastlines. However, for any future studies considering these types of economic or environmental constraints the information contained in the map forms an essential baseline.
Datasets used to define The UKCS marine sand and gravel resources
To ensure the best results care was taken to include the most up-to-date and comprehensive sources of data. Due to the national extent of the map, data sources with seamless national or regional coverage were of most use but, where available, data sources with more limited coverage were also used. Principal data sources used were:
• BGS's legacy dataset of sea bed sediment samples (over 32 000), cores (over 5 500), geophysical records (over 350 000 km of seismic records) and 165 offshore geological maps (previously published as a series of 1:250 000 scale geological maps covering sea bed sediments, Quaternary geology and bedrock geology). • Bathymetric data.
• Previous work on marine sand and gravel resources commissioned by The Crown Estate.
• Data provided by the marine aggregates dredging industry.
Data sources were divided into two principal types. Those with national or near national coverage, that would be included in a GIS model used to define sand and gravel resources, and those that would be used to truth and add value through geological interpretation of the model outputs to ensure accurate and consistent output. The model inputs consisted of a wide range of data, much of which is spatially variable and not always available in a consistent and convenient form. All data sources were integrated into a GIS to provide the best possible information on aggregate locations and properties on a national scale.
Modelling of mineral resource areas
The dataset has been created using a thematic approach to identify areas of sediment with potential for aggregate resources. These areas have then been parameterised to determine the type of aggregate resources present. The modelling process, integrating such a diverse range of data from multiple sources, was a complex task. To ensure maximum clarity and transparency so that the final data set can be easily integrated into the planning process, a decision flow was developed and used to identify areas of resources (Figure 1 ). This identified various steps and gateways defining the properties of resources which either eliminated unprospective areas of sea bed or categorised sediments based on their properties for aggregate potential. Figure 1 explains the process by which the maps were constructed, and is designed to help stakeholders gain an understanding of precisely what is represented on the maps. It also provides transparency to the process of data analysis. This is very important from a planning point of view which requires evidence-based, robust and transparent data for inclusion in the planning process. Five steps are identified in the process, labelled A to E on Figure 1 .
Step A The first step in ascertaining the presence of mineral resources was to eliminate all areas that do not contain suitable sediment. This was done using BGS's map of sea bed sediments, the DigSBS dataset (British Geological Survey, 2011) (Figure 2 ). This dataset depicts the distribution of sea bed sediment types according to the Folk classification (Folk, 1954) . This provided a rapid way to identify the composition of the sea bed sediments to determine if they are suitable as an aggregate resource, at a scale suitable for a regional overview. Areas of no resource are where sea bed sediments are absent, or do not contain suitable clastic sediments. For example, areas of bedrock and biogenic reefs. All other areas were considered as having potential for sand and gravel resources. Step B The next step was to determine if there is sufficient thickness of sediment to be a potential aggregate resource. Many areas of the UKCS have a thin veneer of coarser material overlying bedrock or fine-grained glacial deposits. These gravel lag deposits are not prospective for aggregates as they are too thin to economically extract and need to be differentiated from more prospective thicker sands and gravels. After consultation with industry it was decided that an economic resource would require at least one metre thickness of sediment. This step required a dataset of sediment thickness over the entire UKCS. Unfortunately such a dataset did not exist and so a combination of data was used to build up a nationwide thickness dataset. This is based predominantly on existing BGS mapping of sediment (Holocene) thickness in areas where available (Figure 3) . Data from these maps was enhanced with the use of maps showing the distribution of various bedforms such as sandwaves and sand banks, which have been used as a proxy for sediment thickness (Figure 4) . For example the presence of a sand bank was used to infer a thickness of over 10 metres of sediment, whereas a sandwave field was used to infer a thickness of 2 -5 metres.
If no pre-existing maps were available digital bathymetric data was used and polygons digitised around obvious major bedforms and similar bathymetric features. To fill any gaps in the dataset additional geological interpretation, from cores and seismic records, was used to create a point dataset of sediment thickness, from which simple digital sediment thickness models were built. The point data was interpolated using the Inverse Distance Weighted 4 (IDW) technique to produce a grid, with a 1 km cell size. The grid was then reclassified into appropriate categories and converted to polygons ( Figure 5 ). Step C The next step in the process requires information on the physical properties of the sediment. These physical properties were derived from one of the largest and most comprehensive datasets that BGS has access to; the sea bed sample dataset. This comprises data on sediment composition and properties from grabs ( Figure 6 ). To create a dataset with national coverage of sediment parameters, sea bed sample data was interpolated in a GIS Environment. Sample density, on which model outputs were based, varies considerably in different areas. Also, unfortunately, there are data gaps for certain areas. The IDW approach (Figure 7 ) was therefore utilised due to the variability of the dataset and the speed with which outputs could be generated. As a result of the mixed data coverage, for a national interpolation, the use of a 5 km cell size for the IDW interpolation is as high a resolution as could realistically be achieved. This resolution does not eliminate the "bull's eye" effect caused by sparse data coverage, but does minimise the effect in areas of dense and moderately dense coverage. As shown by Figure 7 sample density can greatly vary from around 1 sample every 5 km in the north of the area shown on the inset map to 1 sample every km shown in the central area. The next step was to remove all areas containing sediment that is too fine for use in aggregate applications. This cut-off was defined as any sediment with a mud (<62.5µm) content of over 10% as not suitable for aggregates. This figure was based on both consultation with industry and fines content used in EN Standards for concrete production. Step D
Steps A-C identified areas of seabed sediment, over 1 metre thick, with less than 10% fines. These areas all have some potential as aggregate resources, but with no indication of the specification of the resource present. The next step in the process (step D) was to categorise mineral resources. Categorisation is important for the inclusion of this data in the planning process as it shows the importance of resources on a national or regional level and the potential end use. This enables planners to focus on the areas of aggregate resource most in need of protection from other development.
Categorisation involved parameterising the sediment in terms of specifications used by the aggregate industry when considering sand and gravel resources; principally grain size, fines content and carbonate content. Grain size was one of the principal parameters used as this is one of the most important factors when determining the quality and end-use of an aggregate resource. Consultation with industry and relevant European Standards (British Standards Institute, 2002) informed this process and helped to identify relevant cut off values for resource categories.
Following consultation with industry and with reference to the relevant EU standards for construction material, it was decided that a resource would be identified as 'coarse aggregate' if it contained over 10% lithic gravel. To ensure that gravel-sized biogenic carbonate is not included, as it is not suitable for aggregate applications, the gravel content value represents only the lithic content of the gravel fraction.
Sand resources have been categorised using the median particle diameter of the sand fraction (or D50). The different categories used to define sand resources are shown in Figure  1 .
Areas where the carbonate content of sand exceeds 50% have also been defined in the UKCS marine sand and gravel maps. This is to highlight the large accumulations of biogenic material in some areas which has implications for the use of sediment for aggregate applications. High carbonate sands are considered to be only suitable for lower specification applications compared to those with a high silica content. A limit of 50% has been used as this defines the boundary between a carbonate sediment and a siliciclastic sediment. It should be noted that there are no defined carbonate limits in European Standards for aggregate for concreting applications.
Geological review
All areas and categories of sand and gravel resources produced by the GIS modelling process as described in steps A-D were subject to a geological review and, if appropriate, subsequently modified. This was to ensure that model output matches the known geology and geomorphological features. This review of modelled outputs involved incorporating extra information which was not possible to include in the data interpolation and integration steps, such as bathymetric, geophysical and core data. This stage also includes incorporation of information obtained from relevant literature, for example site investigations for renewable energy projects or dredging industry data. This expert review process served to both truth the results of the modelling process and consider whether the modelling process failed to identify areas known to contain aggregate resources due to a lack of input data. The most common changes that were made was to correct for where the surface sediments (used to attribute the properties of aggregate resources) were not representative of sediment at depth. In many cases the surface of the sea bed may not be representative of the underlying thickness of sediment due to the actions of currents; for instance in areas of thin gravel veneer overlying glacial tills. Such geological settings require identification via interpretation of available core logs.
An example of the data shown in a final map output can be seen in Figure 8 ; this shows the various categories of resources. 
Limitations
At the scale of the modelling the level of data available was not sufficient to resolve some areas of complex geology that may contain important marine sand and gravel resources. As a result a separate category identified after geological review was included as 'areas prospective for coarse sand and gravel' (E on Figure 1 ). These areas relate to geological features, such as palaeochannels or glacial deposits that are known for their geological heterogeneity. These may be prospective for nationally important sand and gravel resources but are unresolvable, especially with the national approach used by this study, with the current levels of data available. Examples of this category include complex glaciofluvial deposits around the Humber area, buried palaeochannels around the Thames Estuary and complex glacial deposits in Liverpool Bay.
It should also be recognised that these maps are not designed to be used for the consideration of the economic potential of individual sites, this can only be proved by a detailed evaluation programme. It is also possible that mineral resources do occur in areas shown on the map as having no resource present due to local variations in geology that are on too small a scale to be resolved by this regional-scale survey.
Discussion -Use of the dataset in UK marine planning
For effective spatial planning, maps and data, such as produced by this research, are only as good as the planning regime and policies that utilise them. A key issue for offshore minerals, as stated in the Marine Policy Statement, is that minerals must be protected to ensure adequate and secure long term supply (HM Government et al., 2011) . This is achieved onshore via the inclusion of mineral safeguarding areas within spatial plans. Mineral safeguarding is an established planning mechanism, which allows for the consideration of mineral resources in the decision making process. As another aim of the UK marine planning process is to better link offshore planning with the well-established onshore system it would seem reasonable that this safeguarding process could also be applied offshore thus meeting the aims of the mineral policy statement.
In the process of mineral safeguarding onshore in England, all resources are considered of equal importance and the same level of protection is afforded to them. This fits in with the principle of mineral safeguarding, in that safeguarded areas are a flag in the planning process and in no way indicate preferential areas for extraction (Wrighton et al., 2011) . However, this is not the case in all parts of the UK. In Wales a different approach is taken whereby mineral resources are categorised into resources of national, regional and local importance. This allows for differing policies/levels of protection to be applied to materials most important for growth (Wrighton and Humpage, 2012) . The Welsh approach may be the most appropriate to use for marine sand and gravel as very large areas of the UKCS are covered in sands and fine sands. Safeguarding these types of resources is potentially unnecessary, as it could detract from the protection of resources which are scarce and require stricter safeguarding policies, such as coarse sand and gravel.
The aggregate resource categories used in the offshore sand and gravel resource dataset have been created in order to be easily interpreted by planners who may have a limited geological background. The maps split all resources into two broad categories, nationally important construction aggregate and regionally important fill-grade material (Figure 1 ). These two categories have been used as they give an indication as to the relative importance of the resource to the decision maker, potentially allowing for different safeguarding policies/methodologies to be applied to them. Construction-grade aggregate has been further refined into three categories, fine sand, coarse sand and coarse aggregate. This classification gives some indication of the end use and the relative importance of the resources.
The largest current demand for sand and gravel is for coarse sand for use in the manufacture of concrete. These resources face the most restrictions in terms of supply in the immediate future due to high demand by the construction sector and an increasingly restricted supply from onshore resources. Identification of coarse sand as a separate category allows the appropriate level of safeguarding to be applied.
One of the main drivers for the production of these maps was to provide suitable spatial data for regional marine planning for the UKCS. This goal has been achieved and the dataset is now being used by the MMO and Scottish Government in their spatial planning process. Initial planning documents, produced by the MMO, use these data for the depiction of the location of nationally important sand and gravel resources.
The data has been used by the MMO to produce maps of 'areas of future technical opportunity for marine aggregates' in their strategic scoping report and areas of 'optimal aggregate resources' in the East Coast Inshore and East Coast Offshore plan, the first regional plan to be produced (MMO, 2014 and These policies demonstrate how the data from the marine sand and gravel maps have been incorporated in a mineral safeguarding-type approach to marine spatial planning. The MMO have chosen to define their 'areas of high potential aggregate resource' as being those areas identified in the marine sand and gravel dataset as containing coarse aggregate, coarse sand and areas prospective for coarse sand and gravel. These have the most restricted distribution on the UKCS and are most in demand by the construction industry.
Conclusions
The UK has a wealth of marine aggregate resources and a large aggregate dredging industry which makes a vital contribution to supplying the UK construction sector. To ensure it continues to do so, offshore minerals need to be carefully considered in the new marine planning process.
Changes in planning regulations within the UK which consider the many different uses of marine space have the potential to better manage marine mineral resources. The application of marine spatial planning to the UKCS by the MMO and the acknowledgement of the importance of marine sand and gravel to the UK construction, reclamation and coastal defence sectors will enhance efficient use of, and access to, marine space whilst reducing conflict and ensuring mineral resources are protected.
Access to spatial information, as produced by this research, is vital for sustainable management of offshore mineral resources. Only by having access to this information can we enable both better management of mineral resources and ensure that they are adequately considered in the planning process. The usefulness of such a map has already been proven with its inclusion in the MMO's planning documents and its incorporation into England's marine spatial planning policy. Here the map has been used to define areas of mineral resource for inclusion in the East Inshore and East Offshore Marine Plans. If the map is included in the marine plans for subsequent areas this will provide one of the most detailed national planning policies for aggregates in the marine environment in the world. By effective safeguarding of marine sand and gravel resources we are ensuring that unnecessary sterilisation by other types of development is avoided and future supply of minerals is maintained.
